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ABSTRACT

This report describes the results of a study on the rare plants,
plant communities and plant species diversity that occur in
serpentine soil habitats in Lake County, California. Thlrty-flve
rare plant species were documented to occur on serpentlne soil in
the county and their population locations mapped. Six plant
communities, their subtypes, and three unclassified serpentine
habitats are described and discussed with respect to their
occurrence on different soil series. A floristic analysis found
that at least 574 vascular plant species, subspecies and
varieties occur on approximately 64,000 acres of serpentine soil
in Lake County, which represents about ten percent of the land
area for the county.

Nine of the 35 rare plant species were determined to be
con51derably rarer than the others. These nine species were
studied in detail and soil samples from populations of seven of
the nine species were analyzed for a variety of important scil
factors. The results of the study found that these seven rare
plant species occur on serpentine soils that have extremely low
concentrations of calc1um, manganese, phosphorus, and nitrogen,
but exceedingly high in concentrations of magnesium. Important
differences were found in the soil calcium and magnesium cation
concentrations between serpentine barrens and other serpentine
soils that support more vegetation. The serpentine barrens
soils, which are habitat to three rare plants, Eriogonum
nervulosum, Streptanthus brachiatus, and $. morrisonii, were
found to have the lowest concentrations of most soil factors
measured. The other rare plant species were found to occur on
serpentine soils that have different levels of profile
development, an important factor that can influence the amount of
nutrients and moisture availability in the soil. A discussion is
given on the types of physiological attributes plants have
evolved in their adaptation to serpentine soil.

The high number of rare plants, and overall species diversity are
discussed in terms of the need for protecting this high diversity
of plants. A set of recommendations are provided that include a
procedure for developing serpentine habitat preserves. Five
areas of significant serpentine habitat were mapped and discussed
as potential areas for developing a serpentine soil habitat
preserve system. These five areas include some populations of 75
percent of the rare plants observed in this study. Additional
recommendations include a list of important management
considerations for actively managing areas that might be
preserved.
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INTRODUCTION

Serpentine soils have been recognized as habitats that often
support a high diversity of plant species (Whitaker, 1960;
Procteor and Woodell, 1975; Kruckeberg, 1984; Broocks, 1987).
Among those plant species are geographically localized or rare
species. Further, many of those rare species are restricted to
the serpentine soil and are generally referred to as serpentine
s0il endemics (Kruckeberg, 1984; Brooks, 1987). Kruckeberg
(1984) has determined that at least 10 percent of all plant
endemics to the California floristic province are also serpentine
soil endemics. The significance of that figure is recognized
when one realizes that less than one percent of the California
surface area constitutes serpentine soil. This report describes
a study of the rare and endemic plants that occur in serpentine
soil habitats in Lake County, California.

Lake County is an area having an extremely high level of plant
species diversity (Jepson, 1925; Mason, 1945a,b; Stebbins and
Major, 1965; Raven and Axelrod, 1977). Jepson (1925) was perhaps
the first to recognize the area he referred to as the Napa-Lake
area of endemism as a region that is not only diverse, but also
one containing numerous rare and endemic species. In addition,
the northern part of Lake County was included in Jepson‘’s Tehama
area of endemism that similarly has a high degree of plant
diversity. Later, Stebbins and Major (1965) included portions of
Lake County in their delineation of the Central Coast Range area
within the California Floristic Province. They considered it to
be an important one with respect to recent plant evolution as
well as plant species diversity. Raven and Axelrod (1978) have
determined that the Central Coast Range area, in fact, had the
highest species diversity and number of California endemics in
the state including the Sierra Nevada and North Coast Ranges.
Mason (1945a,b), and later Raven and Axelrod (1978), emphasized
the significance of serpentine soils as habitats that support a
high degree of plant species diversity in Lake County.

METHODS

Location information and a list of rare plants in Lake County
were obtained from the Natural Diversity Data Base. Additional
rare plant taxa known te occur in Lake County were found in the
California Native Plant Society’s (CNPS) Inventory on Rare and
Endangered Plants (Smith and York, 1984; Smith and Berg, 1988).
Locations for rare plants not found in the Natural Diversity Data
Base were obtained from herbarium specimens, through personal
communication with botanists, and from the literature. Rare
plant locations were visited and their population number was
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counted or estimated. Extensive field surveys also were made of
serpentine soil habitats not known to support rare plants. A
list of all vascular plant species observed was made for all the
serpentine habitats surveyed. All herbarium specimens collected
were deposited at the University of California, Berkeley
herbarium (UC).

Soil samples were taken from rare plant locations of serpentine
endemic species included in list 1B of the CNPS inventory (Smith
and Berg, 1988). Each soil sample was taken from the upper 10 cm
of soil and weighed approximately 500 grams. Five soil samples
were taken one meter apart from representative populations of
each of the rarer plant taxa (i.e. those included in the Natural
Diversity Data Base). Soil samples were analyzed at the CH2M
Hill Environmental Testing Laboratory, Redding, Califernia. Each
soil sample was sieved and the 2 mm fraction analyzed for
exchangeable calcium, magnesium and manganese cations. In
addition, cation exchange capacity (CEC), available phosphorus,
total nitrogen, and pH were determined for each soil sample.
Details of methods used in the soil analysis are included in
Walsh and Beaton (1973).

RESULTS

The results are divided into four sections, rare plants,
floristics, plant communities, and soils and geclogy.

Rare Plants

Sixty seven species, subspecies or varieties of plants found in
Lake County are considered to be rare. Thirty-five (54 percent)
of those 64 taxa are either restricted to serpentine soil or at
least have some of their populations occurring on serpentine soil
(Table 1). Thirty (45 percent) of the 67 rare plant taxa are
endemic to serpentine soil substrates. Nine of the 35 rare
plants are included in list 1B of the CNPS inventory (Smith and
Berg, 1988). Those nine species are; Ceanothus confusus,

Ceanothus divergens, Eriogonum nervuleosum, Hesperolinon

adenophyllum, Hesperolinon didymocarpum, Hesperolinon
drymarioides, Madia hallii, Streptanthus brachiatus, and

Streptanthus morrisonii. One of those species, Hesperolinon
didymocarpum, is state-listed as Endangered and occurs only in
Lake County.




TABLE 1
Status of Rare Serpentine Plants of Lake County,

Statusl
Species State Federal

Allium cratericola - -

Allium fimbriatum var. purdyi - -

Asclepias solanocana - -

Astragalus breweri - -
Astragalus clevelandii - -
Astragalus rattanii var. jepsonianus - -
Calamagrostis ophitidis - -
Calyptridium guadripetalum - -
Calystegia collina ssp. oxyphylla - c2

Ceanothus confusus - c2
Ceancthus divergens - c2
Collinsia greenei - -
Collomia diversifolia - -
Cryptantha hispidula - -

Delphinium uliginosum - -

Eriogonum nervulosum - C2
Fritillaria pluriflora - c2
Fritillaria purdyi - -

Helianthus exilis - Cc3

California
Endemism?
CNPS (+/-)
list 3 +
list 4 +
* +
list 4 +
list 4 +
list 4 +
list 4 +
list 4 +
list 3 +
list 1B -
list 1B +
* +
list 4 +
list 4 +
list 4 +
list 1B +
list 3 -
list 4 -
list 3 +



TABLE 1 continued

Statusl Endemism?
Species State Federal CNPS (+/-)
Hesperolinon adenophyllum - Cc3 list 4 +
Hesperolinon bicarpellatum - Cc3 list 4 +
Hesperolinon didymocarpum CE c1 list 1B +
Hesperolinon drymarioides - C3 list 1B +
Hesperolinon sperqulinum - - * +
Lomatium ciliolatum var. hooveri - - list 4 +
Madia hallii - c2 list 3 +
Mimulus brachiatus - - list 3 +
Mimulus nudatus - - list 4 +
Navarretia jepsonii - - list 4 +
Nemacladus montanus - - * +
Orobanche vallida ssp. howelliji - - list 4 +
Senecio clevelandii : - - list 4 +
Streptanthus brachiatus - c2 list 1B +
Streptanthus morrisonii - c2 list 3 +
Thelypodium brachycarpum - C3 list 4 -
CODES: CE = California Endangered Species

Cl, €2, C3 = Federal Candidate for Listing
CNPS = In California Native Plant Society Inventory (Smith and
Berg, 1988):
List 1B = highest priority,
List 3 = Information Needed, List 4 = Watch List,
* = In inventory but not included in a list
Endemism + = serpentine endemic, - = not restricted to serpentine
* = Plant taxa not included in the Natural Diversity Data Base,
or in the CNPS inventory, but considered to be rare based
on this study.



Table 1 lists the 35 rare plants that occur on serpentine soil in
Lake County and their rarity status based on the California
Native Plant Society’s inventory (Smith and Berg, 1988). Table 1
does, however, include some plant taxa which are not included in
particular lists in the 1988 edition of the inventory (i.e. Smith
and Berg, 1988). These species include Asclepias solanoana,
Collinsia greenei, Hesgerolinon spergulinum, and Nemocladus
montanus. These species are considered to be rare due to the
small size of their populations even though their overall
distribution may encompass several counties and due to their
restriction to serpentine soil habitats. Table 1 also shows
which species are serpentine endemics as opposed to which species
only have some populations growing on serpentine soil.

Each of the 35 rare species is discussed individually in Appendix
A. The nine rarer species in list 1B of the CNPS inventory are
treated at length in Appendix A and include information on
species description, related species and taxonomy, distribution
including topographic maps of populations, land ownership
habitat,and land use and threats.

Floristies

Five hundred and seventy four plant species, subspecies and
varieties were identified through this study to grow in
serpentine soil habitats in Lake County {Appendix B). Those taxa
are included within 69 families and 251 genera. The five
families having the largest number of representative taxa are the
Asteraceae (94 taxa), Poaceae (51 taxa), Fabaceae (42 taxa),
Scrophulariaceae (41 taxa) and the Brassicaceae (21 taxa). The
genera having the largest number of species are Trifolium (15
taxa), Allium (10 taxa), Hesperolinon (9 taxa) and Calochortus,
Lupinus and Streptanthus each with 8 taxa.

From the total 574 plant taxa occurring on the Lake County
serpentine soil habitats 498 or 88 percent are native to
California. Appendix B lists the plants occurring on serpentine
soil in Lake County, their families and whether they are
California native taxa and whether or not they are serpentine
soil endemics. Of the 498 native taxa there are 57 taxa or 11
percent that are endemic to serpentine soil habitats (Table 2).
None of the 75 (13 percent) non-native taxa are serpentine soil
endemics.



TABLE 2

Vascular Plants Endemic to Serpentine Soil
Habitats in Lake County, California

Species

Allium cratericola

Allium dichlamydeum

Allium fimbriatum var. purdyi
Antirrhinum breweri
Asclepias solanocana
Aster radulinus
Astragalus breweri
Astragalus clevelandii
Astragalus gambelianus
Astragalus rattanii var.
Calamagrostis ophitidus
Calochortus venustus
Calochortus vestae
calycadenia multiglandulosa var. cephalotes
Calycadenia pauciflora

Calyptridium guadripetalum

Calvstegia collina ssp. oxyphvlla

Carex mendocinensis

Ceanothus divergens

Ceanothus jepsonii var. albiflorus
Chaenactis glabriuscula var. gracilenta

Claytonia saxosa
Collinsia greenei

Collomia diversifolia
Cryptantha hispidula
Delphinium uliginosum
Eriogonum nervulosum
Eriogonum vimineum
Erythronium heleniae
Fritillaria purdyi
Fritillaria recurva var. coccinea
Helianthus exilis
Hesperolinon adencophyllum
Hesperolinon bicarpellatum
Hesperolinon didymocarpum
Hesperolinon disjunctum
Hesperolinon drymarioides

Hesperolinon spergulinum
Lomatium ciliolatum var. hooveri

Lupinus bicolor ssp. tridentatus
Madia hallii

Mimulus brachiatus

iepsonianus

Family

Alliaceae
Alliaceae
Alliaceae
Scrophulariaceae
Asclepiadaceae
Asteraceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Poaceae
Liliaceae
Liliaceae
Asteraceae
Asteraceae
Portulaceae
Convolvulaceae
Cyperaceae
Rhamnaceae
Rhamnaceae
Asteraceae
Portulaceae
Scrophulariaceae
Polemoniaceae
Boraginaceae
Ranunculaceae
Polygonaceae
Polygonaceae
Liliaceae
Liljaceae
Liliaceae
Asteraceae
Linaceae
Linaceae
Linaceae
Linaceae
Linaceae
Linaceae
Apiaceae
Fabaceae
Asteraceae
Scrophulariaceae



TABLE 2 continued

Vascular Plants Endemic to Serpentine Soil
Habitats in Lake County, California

Species Family
Mimulus nudatus Scrophulariaceae
Montia gypsophiloides Portulacaceae
Navarretia jepsonii Polemoniaceae
Navarretia mitricarpa Polemoniaceae
Nemacladus montanus Lobeliaceae
Seneclo clevelandii var. clevelandili Asteraceae
Senecio greenei Asteraceae
Silene campanulata ssp. glandulosa Caryophyllaceae
Streptanthus barbiger Brassicaceae
Streptanthus brachiatus Brassicaceae
Streptanthus glandulosus ssp. secundus Brassicaceae
Streptanthus hesperidis Brassicaceae
Streptanthus morrisonii Brassicaceae
Thlaspi montanum var. montanum Brassicaceae-
Trifolium macraei Fabaceae




Plant Communities

Six plant communities, serpentine chaparral, northern interior
cypress forest, serpentine digger pine-chaparral woodland,
serpentine bunchgrass grassland, knobcone pine forest (serpentine
phase), and serpentine riparian woodland were observed during
this study as occurring on serpentine soil in Lake County. Five
of these communities correspond to those included in the
terrestrial community classification produced by the California
Natural Diversity Data Base (Holland, 1986). The sixth
community, serpentine riparian woodland, is recognized in this
study as distinct and deserving recognition.

Serpentine Chaparral

There are three distinctive types of serpentine chaparral: 1)
Quercus durata dominated; 2) Arctostaphvlos viscida dominated;
and 3) multispecies co-dominated. These three types of
serpentine chaparral have not as yet been recognized in the
literature to any extent. Many of the detailed observations
presented here are the result of this study.

1) Ouercus durata dominated community: This community type
occurs on rocky south-facing slopes and flats where the soil
profile is very poorly developed. This type of soil corresponds
to the Montara soil series (Lake County Soil Survey unpubl.).
This community type is characteristically sparsely vegetated with
a shrub cover of less than 30 percent. Over 80 percent of the
vegetation cover is Q. durata. Assoclated species include
Ceanothus Jjepsonii var. albiflorus and Pinus sabiniana
(Kruckeberg, 1984; Hanes, 1988).

2) Arctostaphylos wviscida dominated community: This
community type can form extensive stands (up to 10 hectares), of
pure A. viscida, not unlike the occurrence of this species on
non-serpentine substrates. The pure stands most often are found
on ridge tops and gentle north facing slopes such as along Walker
Ridge east of Indian Valley Reservoir and west of Lake Pillsbury.
The soil is generally highly weathered and oxidized appearing
orange-red with a relatively high clay content (25-40 percent)
and has a red hue characteristic of the Henneke soil series (Lake
County Soil Survey unpubl.) Associated species include Garrya
congdonii, Pinus sabiniana, Ceanothus jepsonii var._albiflorus
and Quercus durata (Kruckeberqg, 1984; Hanes, 1988).

3) Mixed serpentine chaparral: This community occupies the
largest area of all serpentine plant communities in Lake County.
This is one of the more diverse plant communities in terms of
shrub species. Several equally important co-dominants include
Arctostaphyles viscida, Ceanothus jepsonii var. albiflorus,
Heteromeles arbutifolia, Rhamnus californica, Quercus durata,
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Adenostoma fasciculatum and Garrva congdonl (Kruckeberqg, 1984;
Hanes, 1938) Other associated species, though not co-dominants,
include Pinus sabiniana and Toxicodendron diversilobum. This
community type occurs on all slopes and aspects and grows in
moderate to well developed serpentlne soil characteristic of the
Okiota and Henneke soil series (Lake County Soil Survey unpubl.).

Northe terior C ess Forest

Two distinct community types of cypress forest occur in Lake

County: 1) Cupressus sargentii dominated and 2) Cupressus
macnabiana dominated.

1) Cupressus sargentii dominated community: C. sardgentii
occurs in more mesic habitats than C. macnabiana. This
difference is reflected in C. sargentii woodlands being found
mostly in moist ravines on south-facxng slopes or on cooler
north-facing slopes. Due to increased aridity in eastern Lake
County, C. sargentii is replaced by C. macnabiana (Griffin and
Crltchfield 1972). The serpentine soils for interior cypress
woodland have a deeper soil profile than the chaparral communlty.
These serpentine soils correspond with the Henneke soil series.
Forests of C. sargentii most often occur on the upper south
facing and north-facing slopes and in moist ravines particularly
along Harbin Ridge northeast of Middletown and north of Indian
Valley Reservoir.

2) Cupressus macnabiana dominated community: Forest or
woodlands of C. macnablana occur on shallow slopes or flats. The
serpentine soils are deep red due to extensive oxidation and have
a high clay content characteristic of mature Henneke soil series
(Lake County Scil Survey unpubl.). Forests of C. macnabiana are
most common along Walker Rldge on the Lake-Colusa County line
east of Indian Valley Reservoir. Both this and the previous
interior cypress community type occur adjacent to serpentine
digger pine-chaparral woodland and serpentine chaparral.

Serpentine Digger Pine-Chaparral Woodland

Dense serpentine chaparral, particularly on north-facing slopes,
can have a gradient of densities of Binus sabiniana. Serpentine
chaparral dominated by Arctostaphylos viscida is the most common
type to have a hlgher percentage of P. sabiniana. The occurrence
of P. sabiniana in the serpentine chaparral appears to be related
to fire history of a site (Hanes, 1988). Areas that have not had
fires for some time show a higher density of mature P. gabiniana.
The soil profiles for this community are relatively well
developed and correspond to the Henneke soil series (Lake County
Soil Survey unpubl.).



Serpentine Bunchgrass Grassland

Bunchgrass communities are relatively rare in the Lake County
serpentines primarily due to the steep, rocky, highly erodible
slopes common throughout the area. Moderately sloping areas in
the Big Canyon drainage support native bunchgrass species such as
Sitanion jubatum, Melica torrevyana, M. imperfecta, Stipa pulchra,
Festuca jidahoensis and Koeleria macrantha. Many of the larger
serpentine bunchgrass grasslands are heavily grazed. This
grazing disturbance has allowed the invasion of non-native
annuals such as Lolium multiflorum. Two additional bunchgrass
species, Calamaqrostis ophitidis and Elymus glaucus, primarily
occur in molster situations and often are understory to chaparral
shrubs (see serpentine chaparral). The soil substrates are
mostly very clayey and are the result of colluvial deposits from
up-slope erosion of serpentine soil.

Knobcone Pine Forest (Serpentine Phase)

Primarily on north-facing slopes at higher elevations (1,000~
1,500 meters) dense forest of Pinus attenuata occurs. This plant
community most commonly characterizes the upper slopes
immediately above serpentine digger pine-chaparral woodland.
Similar to the serpentine digger pine-chaparral woodland this
community is temporally restricted to areas that have not been
recently burned and often represents a single age-class climax
forest (Holland, 1986, p. 100).

Serpentine Riparian Woodland

Perennial and summer-dry creeks on serpentinite substrate are
habitat for a distinct riparian vegetation dominated by
Calycanthus occidentalis and Rhododendron occidentale. In moist
narrow ravines these two species may become understory to large
{10-15 meters tall) individuals of Cupressus sargentii. An
associated species of this community is Rhamnus californica ssp.
tomentella.

Unclassified Plant Habitats

Three distinct serpentine habitats are: 1) serpentine barrens;
2) serpentine herb field; and 3) serpentine seeps. Due to the
ephemeral and often sparse cover of vegetation these are not
included in any previously recognized community classifications.

1) Serpentine barrens: Areas of coarse fractured
serpentinite rock forming steep slopes characteristically having
exceedingly low vegetation cover (<< 1 percent) and support plant
species not found in any other community type. In particular,
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several rare plants, including Allium fimbriatum var._purdvi,
Eriogonum vimineum, E. nervulosum, Streptanthus brachiatus and §S.
morrisonii, occur on serpentine barrens. Other plants, though
not- rare, that occur on or in ravines of serpentine barrens
include lewisia rediviva, Montia gypsophiloides, Salix breweri,
Strepthanthus breweri, S$. glandulosus, S. glandulosus ssp.
hesperidis.

2) Serpentine herb field: This habitat is characterized by
a dominance of herbaceous dicotyledonous plants, most of which do
not have showy flowers characteristic of the wild flower field
community (Helland, 1986, p. 37,). Two rare species Hesperolinon
didymocarpum and H. bicarpellatum are occasionally found in this
habitat but are more common in openings of serpentine chaparral.
Non-rare species include Achillea lanulosa, Arenaria (Minuartia)
douglasii, Calvcadenia pauciflora, Chaenactis glabriuscula,
Hemizonia clevelandii, Lasthenia california (chrysostoma),
Lessingia ramulosa, Micropus californica and Rigiopappus
leptocladus. Soils of this habitat are derived from colluvium
and are shallow {10-15 cm) with relatively high clay
concentrations (20-30 percent). Occasionally, native
bunchgrasses such as Sitanion jubatum occur in low abundance.
This habitat is found between serpentine chaparral and serpentine
bunchgrass grassland.

3) Serpentine seep: Ephemeral seeps occur in numerous
locations throughout the Lake County serpentines. Many of these
flow across dirt roads that have cut across drainages.
Characteristic rare plant taxa include Astragalus clevelandili,
Delphinium uliginosum, Helianthus exilis, Mimulus nudatus and
Thelypodium brachycarpum. More common species include Mimulus
nasutus, M. guttatus and Stachys albens.

Serpentine Soils and Geology

Serpentine Soil

Lake County includes 64,560 acres of serpentine soils that have
been mapped in the Lake County Soil Survey (unpubl.). This
represents nine percent of the total 756,976 acres of land area
in Lake County. Thirteen major areas of serpentine soils occur
in Lake County (Figure 1). Most of these serpentine areas occur
near the county line where they extend into other counties such
as Colusa, Napa and Sonoma.

Three different serpentine soil series, Henneke, OKkiota and
Montara are recognized in Lake County (Lake County Seoil Survey,
unpubl.). The Henneke soil series displays the higher level of
profile development of the three soil series, and accounts for 39
percent of the serpentine soil mapping units. This soil is
shallow and excessively drained. The profile is gravelly loam
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FIGURE 1
Distribution of Serpentine Soil

in Lake County, California
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over gravelly clay loam with fractured serpentinite parent
material at a depth of 47 cm. Okiota soils are shallow and well
drained. The profile is very gravelly clay locam over clay loanm
with fractured serpentinite at a depth of 35 cm. Montara soils
are the least developed of the three serpentine soil types. It
is shallow and well drained. The profile is clay loam with
fractured serpentinite at a depth of less than 30 cm.

Mean soil values for calcium, magnesium and manganese cation
concentrations, calcium to magnesium ratio, pH, cation exchange
capacity, phosphorus and nitrogen from habitats supporting seven
of the rare plant species studied are given in Table 3. A
comparison of the calcium and magnesium cation concentrations for
those seven rare plants is provided in Figure 2. Also, a non-
serpentine soil, Los Osos series, is given in Figure 2 as a
comparison of calcium and magnesium cation concentrations. The
non-serpentine Los Osos series is a common soil that
predominantly supports chaparral or oak woodland types of
vegetation.

The soil data show that important nutrients for plant growth such
as calcium, phosphorus, and nitrogen are extremely low in their
concentrations. These data are in common agreement with other
published values on serpentine soil nutrients (Proctor and
Woodell, 1971; Willet and Batey, 1977; Kruckeberg, 1984;
Alexander et al., 1985; Brooks, 1987). Further, the relatively
high concentration of magnesium cations is found in all
serpentine soil samples.

Although the soil nutrients calcium, phosphorus, and nitrogen are
relatively low in all serpentine soil samples, there is an
important divergence in all component concentrations between some
samples. In particular, all soil factors are extremely low for
samples from the rocky serpentine barrens habitats which support
Eriogonum nervulosum, Streptanthus brachiatus and 8. morrisonii.
Non-barrens habitats, or habitats that generally support a
significant perennial vegetation cover, have considerably more
so0il development and display higher concentrations of the soil
factors measured. Rare species in these habitats include

Hesperolinon adenophyllum, H. didymocarpum, H. drymarioides and
Madia hallii.

The cation exchange capacity (CEC) is relatively high in the
serpentine soil samples. The CEC, which reflects the
concentration of available cations, show that the additive
concentrations of calcium and magnesium cations accounts for the
majority of available cations. Therefore, all other cations in
the soil, such as sodium, potassium, and manganese are in
relatively low concentrations. The serpentine soil pH values are
neutral to slightly acidic (Table 3). These pH values are within
the range of allowing maximum availabkility of the soil nutrients
(Truog in Larcher, 1980). Thus, scil pH would not further
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Calcium and Magnesium Cation Concentrations
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ERNE = Eriogonum nervulosum

HEAD : Hesperolinon adenophyllum
HEDI = Hesperolinon didymocarpum

HEDR = Hesperolinon drymarioldes

MAHA = Madia hallli

STBR = Streptanthus brachiatus

$TMO = Streptanthus morrisonii

Non-Serp = Los Osos solt series
non-serpentine soll
for comparison
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inhibit the availability of the already low concentrations of
impertant soil nutrients such as calcium, phosphorus, and
nitrogen.

Geology

A general model for the formation of ultramafic rocks such as
serpentinite is metamorphosis of the mineral peridotite under
high pressure and temperature (Dixon, 1977; Alexander et al.,
1985; Brooks, 1987). Peridotite or its derivative serpentinite
intruded into a variety of geological formations during the
Mesozoic (Norris and Webb, 1976). The combined serpentinite and
other geologic formations of similar age along the California
Coast Ranges are collectively called the Franciscan formation or
Mesozoic Franciscan-Knoxville group (Norris and Webb, 1976).

During the late Tertiary these Mesozoic formations were covered
by a variety of other formations including the Soncma volcanics
(Axelrod, 1966). Uplifting during the Quaternary raised the
Franciscan formation exposing much of this older set of
formations. Some covering of Franciscan formation may have
occurred during the Mt. Konocti volcanic event approximately
400,000 years ago (Kelley, 1981). The time of exposure for any
particular area of serpentinite is not known. However, some
areas have been exposed considerably longer than others, perhaps
as long as 1 milljion years. 1In general the larger the
serpentinitic mass the older it is. Many of the younger, smaller
serpentine areas occur in the southern end of Lake County near
Middletown. There, non-serpentine Tertiary sediments are ercding
away and exposing new serpentine habitats. It is these new
habitats that scme of the rare plants occur such as Hesperolinon
didvmocarpum. The age of some of these habitats may only be a
couple thousand years old (McCarten, 1988a).

The serpentinite formations exposed in the inner Coast Ranges are
mostly associated with a series of thrust faults. Major faults
along which serpentinite formations occur are the Stony Creek
fault, Collayomi fault, Cobb Mountain fault, Morgan Valley fault
and the Coast Range thrust fault (Bortugno, 1982).

Mineralogy

The ultramafic mineralogy class includes metamorphic minerals in
the serpentine family such as antigorite, chrysotile (asbestos)
and lizardite, as well as igneous minerals such as those in the
gabbroic family. The ultramafic class is characterized by a low
calcium to magnesium ratio (Alexander et al., 1985). Serpentine
minerals are iron-magnesium silicates (Alexander et al., 1985;
Brooks, 1987). Parent material is generally low in calcium and
other mono- and divalent cations except for magnesium.
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Serpentine minerals weather into iron-rich montmorillonite under
the climatic conditions in the California Coast Ranges (Wildman
et al., 1968). Due to the smaller size of magnesium cations,
these cations are weathered at a faster rate than calcium
cations., The result is older more developed serpentine soils
have proportionally higher concentrations of calcium and lower
concentrations of magnesium than in younger soils (Wildman et
al., 1968; Dixon, 1977; McCarten, 1988a).

DISCUSSION

The Lake County serpentine soil habitats have been found teo have
a high plant species diversity. Using 5,500 as an estimate of
the number of California native taxa (Jepson Herbarium, unpubl.),
then the 498 taxa found on the serpentine soils in Lake County
represents approximately nine percent of the native taxa found in
Califeornia.

The results of this study and others on serpentine soil provide a
basis for understanding habitat characteristics of plants growing
on these soils. Further, these studies allew an analysis of
which factors may be important in plant adaptation to serpentine
soil habitats. The following discussion ocutlines some of the
more important aspects of plant and soil interactions associated
with the serpentine soil habitats.

P a Serpentine Soi colo

It has been recognized that several serpentine soil factors play
a major role in the occurrence and distribution of plants on
these substrates (Proctor and Woodell, 1975; Kruckeberg, 1984;
Brooks, 1987; McCarten, 1987a, l1988a). These factors can be
separated into three categories; 1) low calcium to magnesium
cation concentrations, 2) generally low nutrient concentrations
such as nitrogen and phosphorus, and 3) toxic heavy metals. The
significance of each of these categories to plants will now be
discussed individually.

1) Calcium and Magnesium Cation Concentrations

Both calcium and magnesium cations play an important
physiological role in plants. Calcium has both a structural and
a functional role. It occurs as a bridge between proteins and
phospholipids in cell membranes which affects the permeability of
those membranes (Mengel and Kirkby, 1982). In addition, calcium
is an activator or a substrate binding factor for a number of
enzymes including ATPase (Hochman and Carmeli, 1981) and root
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phosphatase (Woclhouse, 1969; Willet and Batey, 1977). This last
enzyme is very important because it is directly invelved in the
uptake and mobilization of organic phosphorus (Woolhouse, 1969;
Willet and Batey, 1977; Baliger, 1985) which was found to be a
nutrient in low abundance in serpentine soll samples in this
study and by others (Turitzen, 1982). Magnesium is an important
cation particularly in photosynthesis since it is part of the
chlorophyll molecule. Magnesium is in relative overabundance in
serpentine soil. Experiments have found that magnesium
outcompetes calcium in the uptake of these caticns (Mengel and
Kirkby, 1982) and can act as an inhibitor in calcium activated
reactions such as ATP formation (Hochman and Carmeli, 1981).

Populations of serpentine soil adapted species have been shown to
have overcome the problems of disproportionately high
concentrations of magnesium and low concentrations of calcium
(Johnson and Proctor, 1981; Turitzen, 1982; Fitter and Hay,
1983). Root acid phosphatase activity has been found to be
higher in serpentine adapted species than in non-serpentine
adapted species when grown and compared in low nutrient
conditions (Willet and Batey, 1977). The exact mechanisms of
adaptation to the calcium-magnesium imbalance are, however,
unknown.

2) Low Nutrient Concentrations

In addition to calcium, other soil nutrients such nitrogen and
phosphorus are biochemically important elements that are
generally in limited supply in serpentine soil. Relatively slow
growth rates, especially in annual species, may represent one of
the mechanisms or perhaps trade-offs utilized in growing in
nutrient poor soil. Additions of calcium or nitrogen to
serpentine soil does not increase growth of serpentine adapted
plants, but does increase growth in non-serpentine plants
(Proctor and Woodell, 1975; Mengel and Kirby, 1982; Turitzen,
1982). Other nutrient deficiencies in serpentine soil are in the
form of trace elements. Walker (1948) found the trace element
molybdenum to have an extremely low concentration in serpentine
barrens.

3) Toxic Heavy Metals

Emphasis has often been placed on the toxic effects of heavy
metals such as nickel and chromium to account for adaptation to
serpentine soil (Proctor and Woodell, 1975; Kruckeberg, 1984;
Brook,s 1987). Indeed there are many examples, particularly
outside of California, where nickel concentrations are
exceedingly high in serpentine soil (Brooks 1987). Correlations
between soil nickel concentrations and the hyperaccumulation of
nickel in plants have been used to argue for specific adaptations
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to those soils (Kruckeberg, 1984; Brooks 1987). It has been
found that in species of Calochortus hyperaccumulation of heavy
metals, including nickel, chromium and cobalt, is not always
correlated with high soil concentrations of those metals
(Fiedler, 1986). It has also been recognized that the toxic
effects of heavy metals is pH dependent (Mengel and Kirkby,
1982). The significance of heavy metal toxicity to plants is
dependent on the occurrence of heavy metals in the soil. Several
studies in the Ccalifornia central coast ranges (McCarten, 1987a;
Mooney and others at Stanford University, unpubl.) have found
that heavy metal concentrations are not abnormally high in soils
supporting serpentine grassland and chaparral communities.
Certainly the occurrence of nickel or other heavy metals in soil
would add another challenge to plants adapting to serpentine
soil.

Genetics o erpentine So daptatio

Kruckeberg’s (1951} study on plant adaptation was perhaps the
first to demonstrate genetically controlled adaptation to
serpentine soll. Kruckeberg showed that different populations of
the same species were either genetically adapted or not adapted
to growing on serpentine soils in california.

Physiological and biochemical studies have demonstrated genetic
differences between populations and within populations for the
ability to grow on serpentine soil. Johnson and Proctor (1981)
found that serpentine adapted plants of Festuca rubra grew faster
in solutions made from serpentine soil rather than non-serpentine
soll. In addition, non-serpentine plants were found to be
inhibited by high concentrations of magnesium. In particular,
the study by Willet and Batey (1977) found that root surface acid
phosphatases in serpentine adapted plants were adapted to low
calcium concentrations, while non-serpentine adapted plants of
the same species of grass showed increased growth with added
calcium.

Rare Plant Adaptation to Serpentine Soil

Although no direct evidence is available on how or to what degree
rare plants are adapted to serpentine, the studies on non-rare
species probably apply. In fact, the soil and rare plant
distribution data from this study, and others (see McCarten,
1987a, 1988a,b) provide a pattern suggesting that the rare plants
have a very narrow range of soil adaptation. Among the nine
rarer plant species in this study two major groups, serpentine
barrens and non-barrens taxa, are distinguishable based on the
soil data. Among the non-barrens taxa there are differences in
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the calcium to magnesium cation ratios that differentiates some
taxa such as Hesperolinon adenophyllum as cccurrinq on less

extreme serpentine soil than the other species. However, the
concept of extreme serpentine soil is a relative one. Studies on

Hespereolinon (McCarten, 1988a,b) found that the serpentine soil
endemic species, including H. adenophyllum, didymocarpum, and

H. drxymarioides, occur on soil with a calcium to magnesium ratio
that is generally less than 0.3. Serpentine soil samples from
habitats supporting Hesperclinon species that are not restricted
to serpentine soil were found to have calcium to magnesium ratios
generally greater than 0.5. The study on Hesperolinon
demonstrates a pattern that serpentine soil endemics occur on
soil having a much lower calcium concentration. The observed
calcium to magnesium ratios for the rare species studied in this
report suggest that all are adapted to more extreme serpentine
conditions.

CONCLUSIONS

The results of this and other studies make a strong case of
genetically controlled physiclogical and biochemical adaptation
by some plant taxa to serpentine soil. There are differences in
the level of adaptation between related species and between
populations of a species. Interspecific and intraspecific
differences coincide with the localized and patchy serpentine
soil habitats that can vary over short distances of only 1 meter
or less (McCarten, 1987a, 1988a). These differences are
sufficient to restrict the potential geographic range expansicn
of a rare plant species either naturally or artificially. Such

is the case of Hesperolinon gdidymocarpum that has populations in
close proximity to H. bicarpellatum and H. californicum The

later two species have very different soil nutrient and
development characteristics that are found within 1 meter of H.
didymocarpum habitat conditions (McCarten, 1988a).

The soil data have provided several pieces of important
information on the habitats of some of the rare plants in Lake
County. It has shown that the serpentine habitats are quite
distinct with respect to soil nutrient availability and the level
of soil development. The results can be interpreted that while
some rare species such as Eriogonum pervulosum and St;eptantnus
brachiatus can share a similar serpentine habitat, this is not
the same habitat, for instance, as that of ﬁesgego;;g n
didymocarpum or M_glg hallii. Therefore, rare serpentine endemic
plant taxa cannot be transplanted to any serpentine habitat. 1In
fact a lot of soil data and carefully controlled growth studies
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would have to be done and analyzed prior to moving any rare
serpentine endemic. Further, the soil data show that there may
be relatively small, yet important differences between
populations and species that occur on what appears to be similar
habitats such as serpentine barrens. Physical or chemical
changes to a rare plant habitat could seriocusly change that
habitat’s nutrient conditions and potentially destroy those
conditions on which the rare plants are adapted.

causes o arit

Fiedler (1987) outlined 13 main categories that deal with aspects
of plant rarity. Among those categories is edaphically
restricted species such as the serpentine soil endemics in Lake
County. It is probably safe to claim that in the case of
serpentine soil endemics, narrow habitat restriction is the
primary cause of rarity in those species. Such a claim may not
necessarily be made for rare non-serpentine species in Lake
County. With increases in development in Lake County the
relatively rare serpentine soil habitats may. no longer be the
isolated natural refuges they have been. It becomes a matter of
careful planning to recognize the significance of the serpentine
soil habitats and their associated vegetation and protect them.

Reasons for Protecting Plant Species and Genetic Diversity

California is second only to Hawaii and Florida in the number of
endemic plants speciles and overall spec1es diversity in the
United States. This high level of species diversity is an
important resource both from a natural heritage and an agrenomic
perspective. Lake County is certainly an important compenent of
California’s overall plant species diversity. The natural
heritage resources of the Lake County can only be appreciated by
those whom have taken the time to visit the habitats and
experience that diversity. This report merely presents an index
of some of the natural resources in the county, but it does not
relay the experience associated with observing those resources.

The agronomic considerations for preserving plant species
diversity is considerable. For agricultural purposes, just
preserving cne pepulation is insufficient. This is especially
true when species populations vary genetically to the degree
found in serpentine endemic species. The five rare Hesperolinon
species, as well as the four non-rare species of the genus, could
provide important genetic resources for future crops of flax
(Linum usitatissimum) the source of linen fiber and linseed oil
(Griggs and Dibble, 1979; Durant, 1979). Members of the mustard
family (Brassicaceae) such as the two rare species of
Streptanthus and one rare species of Thelypodium could provide
genetic material for a suite of important vegetable crops such as
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